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Summary 

The influence of Lewis acidity of homoger~eous organozinc 
catalyst RZnEt CR=CoH ~-, CH~O-, CH~COO-, 2-CH.2OC~HzO-, 
3-CH~OC6HAO- and (3HJ3COCH%C (CH.,.~O-) on monomer '~ "+ 
distri'Sution-fn maleic an'hydride-prop~ylene oxide copolymers 
produced by this catalyst has been investigated. It was found 
that increasing the acidity (electron-accepting properties) 
of the Zn atom in the catalyst molecule caused an increase 
in the number of propylene oxide units in the obtained 
copolymers and a decrease of their average molecular weight. 

Introduction 

Cyclic acid anhydrides were reported to form copolymers 
with cyclic ethers in the presence of anionic and cationic 
catalysts at high temperature (FISCHER 1960, SCHWENK 
et al. 1962, HABERMEIER et al. 1967). Copolymers obtained 
by an anionic mechanism exhibited higher tendency towards 
alternation and higher molecular weigh ~ in comparison with 
those obtained by cationic mechanism (HILnT et al. 1967). 
Copolymerization of cyclic acid anhydrides with cyclic ethers 
in the presence of organometallic catalyst such as diethylzinc 
was postulated ~INOUE et al. 1969)to proceed via an anionic- 
coordination mechanism. 

The authors have found recently [KURAN and NIESLOCHO- 
WSKI) that copolymers of nearly alternating structure can be 
obtained by copolymerization of maleic anhydride (MA) and 
propylene oxide (PO) using ethylzinc compounds ArOZnEt 
(At= 2, 6- CCHn)gCEHn- , 2,6-CIgCEHn- , 2-CHqOCEH/-and 
2-CH^COCrH~.-~ in d'6nor solveHts~ If was pro~posed t-hat 
comp~exatioDn o4f the zinc atom in the catalyst molecule by a 
donor solvent or chelating ligand ArO- which results in the 
decrease of the electron-accepting properties of the Zn atom 
is the reason for the increase of the content of MA units in the 
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MA-PO copolymers. 
This paper presents the results of the quantitative 

examination of the dependence between electron-accepting 
properties of various ethylzinc catalysts [l{ZnEt; I{=CpHE-, 
CH^O-, CH~COO-, 2-CH.OC~H.O-, 3-CH~OC6H.O- End ~ 

j o 4 o 4 
C}{.~COCH=~(CH#O-] an~ monomer distribution in resulting 
MA~-PO copolymWrs. For this purpose the H-NMR investigation 
of EtNN'RZnEt complexes was applied. Triethylamine is a very 
suitable agent for examination of the electron-accepting 
properties of organometallic compounds (TAKASHI 1967, 
WESTERA et al. 1978). The results of the studies on the 
molecular weight distribution of MA-PO copolymers measured 
by GPC analysis are also presented. 

Experimental 

Materials 
Diethylzinc was obtained according to the known method and 

purified by heating with sodium (NUTZEL 1973). MA was 
distilled before use. PO was refluxed under nitrogen in the 
presence of lithium aluminium hydride and distilled before use. 
All other reactants and solvents were purified by standard 
methods and distilled in nitrogen atmosphere. 

IH-NMR measurements of RZnEt compounds and complexes 
Et_N.R Z n E t  

C a t a l y s t s  (RZnEt)  w e r e  p r e p a r e d  by in t roduc ing  the 
compound with ac t ive  h y d r o g e n  (HI{) into a s t i r r e d  solut ion of  
equimolar  amount of  ZnEt_ in benzene  (BOERSMA and 

z 
N O L T E S  1968). 1 Mola r  so lu t ions  of  l ~ n E t  compounds w e r e  
u s e d  for  s p e c t r o s c o p i c  m e a s u r e m e n t s .  H-NMR s p e c t r a  of  
RZnEt  and complexes  E t3N.RZnEt  w e r e  obta ined with a ]EOL 
]NM-MH-100  MHz s p e c t r o m e t e r  at t e m p e r a t u r e  30~ The 
solvent  s e r v e d  as a r e f e r e n c e .  

Copo lymer i za t ion  r e a c t i o n s  
All po lymer i za t i on  r e a c t i o n s  w e r e  c a r r i e d  out under  n i t r o -  

gen a tmosphere  in g l a s s  tubes  p rov ided  with r u b b e r  s t o p p e r s  
a f fo rded  to in t roduce  so lu t ions  by  means of  a syr inge .  0 .05  mole 
MA and 0 .05  mole PO w e r e  in t roduced  to f+0 ml of to luene and 
the obta ined mixture  was  shaken to give complete  so lu t ion .  
1 mmole of  c a t a l y s t  was  then added as 1 Mola r  solut ion in 
to luene .  P o l y m e r i z a t i o n s  w e r e  c a r r i e d  out at 80~ fo r  f-~ h r s .  
Af te r  complet ion of  the r e a c t i o n  the content  of  the reacl icn v e s s e l  
was  d i s so lved  in 50 mlCH~C12.  The solut ion obta ined  was  
washed  with 5% H^SO_,  wa-ier and then d r i ed .  The so lven ts  

4 w e r e  e v a p o r a t e d  ~rom the solut ion and remain ing  oil  a f t e r  
heat ing at 80~ u n d e r  0 . 5  mm Hg fo r  a few h o u r s  was  t r e a t e d  
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with CH^OH. The par t  ~nsoluble in CH^OH (MA-PO copolymer)  
was analyzed by means -H-NMR 3 spec t roscopy  according to 
desc r ibed  method (KERN and ~CHAEFER 1967) and gel 
permeat ion chromatography.  -H-NMR analyses were  per formed 
by Tes l a  B5f+87C spec t romete r  at 80 MHz at room tempera tu re .  
Solutions of 10-15% copolymer in ace tone-d  E with a few percen t  
of TMS standard were  employed. GPC analyses were  r e c o r d e d  
in THF solution at 25~ by Waters  Gel Permeat ion  Chromato- 
graph Modell 200. Molecular  weights of the copolymers  were  
measured  by vapour p r e s s u r e  osmometer  Hewle t t -Packa rd  302B. 

Results  and Discussion 

The r e su l t s  of the 1H-NMR examination of RZnEt ca ta lys t s  
and the i r  complexes with t r ie thylamine a re  p resen ted  in Table 1. 
E lec t ron-accep t ing  p rope r t i e s  of the Zn atom found for  each 
ca ta lys t  a re  exp re s sed  by Zn e l ec t ro -nega t iv i ty  calculated 
using the modified Da i l ey -Schoo le ry  equation [NARASHIMA 
and ROGERS 1960). The di f ference  in e lec t ro-negat iv i tyAX 
was taken as measure  of the Lewis acidity ( e l ec t ron-accep t ing  
s t reng th)  of RZnEt ca ta lys t .  The ca ta lys t s  p resen ted  in 
Table 1 a re  o r d e r e d  according to the i r  decreasingmX value,  
i . e .  decreas ing  e lec t ron-accep t ing  p r o p e r t i e s .  Catalysts  such 
as 3-CH%OC6H/OZnEt, CHqCOCH=C (CHQOZnEt and 
CHRCOO'ZnEt a~re charac tePized  by higher  Lewis acidity than 
ZnEt2, but CH~OZnEt and 2-CH~OC6H.OZnEt have lower  
Lewis acidity t t an  ZnEt 2. Consi~er ing~he degree  of a l ternat ion 
in MA-PO copolymers  produced by RZnEt ca ta lys t s  (Table 1) 
it is to be noticed that decreas ing  the e lec t ron-accep t ing  
p rope r t i e s  of the ca ta lys t  r e su l t s  in the enhancement of the 
degree  of the a l ternat ion in the copolymer.  

The gel permeat ion chromatograms of the t e t r ahydro fu ran  
solutions of the MA-PO copolymers  produced by ZnEto, 
CH^COCH=C~CH.~OZnEt and 3-CH^OC,-H.OZnEt a re  s~hown in 

J j .  ~ o 4 . Figure  1. Determination of the average  molecular  weight i~ 
n 

of the above copolymers  is p resen ted  in Table 1. It is i n t e r e s t -  
ing to not ice that using RZnEt ca ta lys ts  in which e lec t ron-  
accepting p rope r t i e s  dec r ea se  for  MA-PO copolymerizat ion 
r e su l t s  in formation of cor responding  MA-PO copolymers  
c h a r a c t e r i z e d  by lowered PO :MA unit ra t io  and enhanced 
average  molecular  weight M and po lyd i spers i ty .  

On the bas is  of the obtanned re su l t s  one can not judge about 
the mechanism of the MA-PO copolymerizat ion by organozinc 
ca ta lys t s .  It may be a simultaneous cationic and anionic- 
coordinat ion mechanism resul t ing  from different  Lewis acidi ty 
of chain growth cen t e r s .  S imi lar ly  an ionic mechanism was 
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Figure I. Molecular weight distribution of copolymers 
measured by gel permeation chromatography as produced by the 
cata lys ts  a~ZnEt 2 ~ /M" =3.46, b)CH~COCH=C(CHJOZnEt 
/~ /M =1.99 and c)~V-cHn~OC~H,OZnEt~ / ~  =1.8~. GPC 
ca~/ibra~ion was based on p~ w n 

postulated ea r l i e r  for PO homopolymerization by ZnEt~/H~O 
system (ISCHIMORI et al. 1968). Catalysts  of re la t ive ly  s~rong 
electron-accept ing proper t ies  producing a low-molecular-weight 
MA-PO copolymer f ract ion seem to react  mainly as cationic 
in i t ia tors .  On the other hand cata lys ts  of lower Lewis acidity 
which produce a re la t ive ly  high-molecular-weight  copolymer 
f ract ion probably promote mainly MA-PO copolymerization by 
an anionic-coordination machanism CHILT et al. 1967). 

As fa r  as the synthesis  of completly al ternating copolymers 
of MA and PO is concerned,  in the light of the present  paper 
it is apparent that this purpose may be achieved by applying 
organometallic ca ta lys ts  with low Lewis acidity of metallic 
center. 
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